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BACK(3XX3ND C3F "mE INVENTiaJ 

The present invention relates to information 
recording and reproduction technology and In particular 
relates to techniques that are effective in application 
to data synchronization detection etc of reproduced data 
in digital data recording/reproduction systans. In more 
detail, it relates to a data synchronization detection 
technique in vAiich the information recording mediun 
f omat efficiency is irrproved by irnproving data 
synchronization and detection performance without 
arploying the conv^tional data synchronization signal 
pattern (that is "no Sync byte" or "Sync byte less"), by 
implementing data synchronization by neans of the 
frequency of occurrence of a specified pattern in the 
reproduced data. 

Conventional data synchronization detection is 
described below with reference to the drawings. 

The cCTiventional method is described taking a 
magnetic disc device as an example. Figure 25 is an 
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exsnple of the recording format of a inagnetic disc device. 

Ihe data ace recorded or reproduced in respect of the 

recording nediiin at eacti sector constituting a unit 

storage region. Each sector respectively contains a 

FID_sm: region 91 for pulling in a PLL (phase locked 

loop) , a data synchronization signal 92 for detecting the 

start position of DATA 93 and obtaining a decoding timing 

signal of modulated code, DATA 93 of the data regtcai in 

v4u.ch data is actually recorded/reproduced, and, in 

addition, CRC or EOC 94 for error detecrtion and/or 

correction. Between eacih sector, there is a GAP 95 

oonstitutang a pattern for correctly perf oiming data 

identification of the final data bit and for absorbing 

the various delay times. 

It is well known that accurate detection of the data 
synciironization signal 92 mentioned above is extranely 
important in subsequ^t code demodulation of DATA 93. 
That is, even if the data obtained by code demodulaticxi 
in DATA 93 has an extraordinarily good number of errors, 
if an error is made in detection of the data 
synchronization signal 92, v*iich is normally of the order 
of a few bytes, code demodulation of the subsequent DRTA 
93 amounting to a few tens to a few hundreds of bytes 
cannot be performed accurately. It is therefore extremely 
important to perform data synchronization correctly. 
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For exanple. Laid-open Japanese Patent Publication 
No. H. 10-255400 discioses an exanple of the construction 
of data syncihronization signal detection rteans vtereby 
correct data syndironization can be aciiieved even in the 
event of occurrence of the adverse phencxnenon known as TA 
(Tbennal Asperity) , in wiiLdi waveform fluctuation occurs 
in the data synchronization signal 92 due to generation 
of heat when the reproduction head collides with the 
magnetic recording mediim. As an exanple of t±iis format, 
in respect of Figure 25, an arrangement is illustrated in 
viiich a seccnd data synchronization signal is 
additionally provided between the above CRC or ECC 94 and 
GAP 95. 

Specifically, in the prior art of the above 
publication, in the lead channel circuit, the input data 
passes throu^ an anpHEier and AGC circuit before being 
identified by data identification means such as an 
automatic equalization type priority detection circuit 
and is then si:5)plied to an 8/9 decoder that performs cods 
demodulation. If, because of TA as mentioned above, the 
first data synchronization signal 92 cannot be correctly 
identified, a second data synchrcaxization signal is 
detected by looking tp identified data stored in the 
memory from GAP 95; from this, the head position of the 
data is found, and data reproduction is performed by 
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outputting the identified data stored in the memory to 
code demodulation means such as an 8/9 decoder. 

Also, the specification of USP 5, 844. 920 discloses 
a method for performing data synchronization more 
reliably by providing data synciiconization signals at a 
plxarality of locations. 

SCMIftRy CF THE INVEl/nCN 

With the ocnventional method, data synchronizaticai 
can be more reliably performed by prxjviding a data 
synchronization signal at a plurality of locations. 
However, the data synciironization signal is not in itself 
inf onnation of the user of the magnetic disc device that 
must be stored on the magnetic disc device. Consequently, 
increasing the portions where the data synciironizaticffi 
signal is provid ed lowers the so -called format efficiency, 
vArLdi ejipresses the efficiency of utilization of the 
iTecording mediun by the data. 

Also, as the recording density of information of the 
magnetic disc device increases, situations which are 
undesirable in regard to data synchronization may be 
imagined, such as instances \*iere the probability of 
occurrence of TA becomes hi^, instances v*iere the rate 
of occurxenoe of defects of the recording mediun 
(portions vdhere correct recording/reproduction of 
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information is partially not adhieved) becxxnes hi^, or 
instancjes where signal quality is adversely affected by 
noise during data recording/i:Bpnx3uc±ion. Sucii 
cictxmstances can be coped with by iitproving the data 
identiEication perforananoe by iirprovements in signal 
px)oessing of the data or by intpcovements in data erxor 
correction c^)ability by using error correction code. On 
the other hand, in regard to the data synchronization 
signal, in order to maintain or inprove the detecticai 
rate of the data synchronizatiOTi signal, consideration 
may be given to increasing the regions of the data 
synchronization signal; however, this tends to lower the 
fomat efficiaicy, as mentioned above. 

As described above, i± there is an error in the 
detection of a data synciironization signal at the head of 
the data (it is not detected in the correct position or 
is detected in an erroneous positicsi) , there is the 
technical problem that this constitutes not merely a 
detection error in the data syndhrcaiization signal but 
also results in error in all the following several 
hundred bytes of code demodulation, thereby severely 
lowering the overall error rate. 

According to a feature of the present inventim, 
detection errors can be reduced v*jen data synchronizaticxi 
detection is performed. 



5 



Also, aocxtrding to a further feature of the present 
invention, detection perfoiniance in data synchronization 
is inptxDved in conrespondenoe with itipcoviOTent in the 
reproduction performance of the data secrtion, or by irore 
than this. 

In additicai, acxxtrding to a further feature of the 
pnesent incventicn, the format efficiency of the 
information-reoording mediun is inproved. 

In addition, according to a further feature of the 
pnesQit invention, there can be provided a data 
synchronizaticHi detection device with little detection 
error and, furthermore, an information 
recording/r^iroduction device equipped with this. 

According to the present invention, data 
synchronization detectiOTi is performed using the code- 
nodulated data itself. Specifically, using a specified 
bit sequence pattern that is not generated in a specified 
phase of the data codeword, by the ocaiversion law during 
code modulation (or there is a specified bit sequence 
pattern that is generated cnly in a specified phase of 
the code»jord) ; the positions of the data codeword 
partitions are identified by counting specified bit 
patterns generated in the data codewords at each phase 
(bit). 

For this purpose , according to the present inven tian, 
a format is enployed constituted by PL0_S5fNC. EMA, EOC 
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and GAP as a bundled sector. "Riere is theicefoane no need 

to enploy a data synchronization signal as oonve nticxially, 

and the format efficiency can also be irtproved. Also, 

data synctironization can be achieved in the same way at 

any time so long as the identification performance of the 

reproducticffi data can be ensured, by aiplcylng reproduced 

identified data. 

Furthermore, in order to itrplement data 
synctoOTiization reliably on reproduction, a specified bit 
sequence pattern must be included in code modulaticai and 
scranbler selection is perf oiaaned in order to apply 
scrambling sucii as to enable recording of data in a 
ccaidition in viiich data synciironizaticai detection 
performance can be guaranteed. 

Moreover, data position sfpecif ication is also 
possible and for this purpose pattern correlation mth 
the PljO_S!flNC section and GM> section is detected. 

BRIEF DESCRIFnCN CT* TOE DRfiWINGS 

Figure 1 is a diagram illustrating an exarple of the 
ocjnstruction of a data reproduction system including data 
synchronizaticBi detecticai means according to an 
embodiment of the pscesent inventicai; 

Figure 2 is a diagram illustrating a modified 
exanple of the ocxistruction of a data reprodiKutiCTi system 
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including data synchronization detection means according 
to an enfixadiment of the present invention; 

Figure 3 is a diagram given in explanation of the 
principles of operation of data synciironization detectixxi 
means according to an eirixidiment of the present 
invention; 

Figure 4 is a diagram given in es5)lanation of the 
action of preparatory processing on recording 
corresponding to data synctoonization detection means 
according to an enixxiiinent of the present inventlm; 

Figure 5 is a diagram given in ej^lanaticxi of an 
exanple of the action of synchronization detection cxi 
reproduction of data synchronization detection means 
according to an enixdiment of the present inventico; 

Figure 6 is a dia gr am in given in explanaticai o£ a 
exartple of a nethod of data position detection during 
reproduction of data synchrcaiization detection means 
according to an enixx3iinent of the present invention; 

Fi.gure 7 is a diagram given in explanation of a 
modified exanple of a method of data position detecticHi 
en reproduction of data synchronization detection means 
aax)rding to an entxDdiment of the piEesent invention; 

Figure 8 is a diagram given in e>iplanation of a 
modified exanple of the data position detection method on 
reproduction of data synciironization detection means 
acoanling to an entxidiment of the present inventicai; 
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Figure 9 is a diagram given in eJ5)lanaticai of a 
nndiEied exanple of the data position detection method on 
reproduction of data synchronizatian detection means 
aocxjrding to an entxDdiment of the paresent inventicai; 

Figure 10 Is a diagram given in eaqplanation of a 
modified example of a method of data position detecticai 
on TA detection during reproduction of the data 
syndironizaticai detection means according to an 
entxDdiment of the present inventicxi; 

Figure 11 is a diagram illustrating an example of 
the internal constructicai of data syndhronizatirai 
detecticai means according to an eirbodiment of the present 
inventicai; 

Figure 12 is a diagram illustrating a modified 
example of the internal construction of data 
synchronization detection means according to an 
entoodiment of the preset invention; 

Figure 13 is a diagram illustrating a modified 
exanple of the internal conslmiction of a bit shift 
circuit enployed together with data synchronization 
(tetection means according to an entoodiment of the present 
invention; 

Figure 14 is a timing chart illustrating an exanple 
of the sequence on data recording correspooding to data 
synchronization detection means according to an 
entodiinent of the piresent invention; 
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Figure 15 is a timing chart illiastrating an exanple 
of the sequenc3e cai data reproduction corresponding to 
data synchronization detection means according to an 
embodiment of the present invention; 

Figure 16 is a timing diart illustrating a modified 
exsnple of the sequeioe on data recording corresponding 
to data synciircHiization detecticai means according to an 
arbodiment of the present insrention; 

Figure 17 is a timing ciiart illustrating a modified 
exanple of the sequence on data reproduction 
oorxesponding to data synchronization detection means 
according to an eirbodiment of the presort inventicai; 

Figure 18 is a diagram giving in explanation of an 
exanple of the data format and signal waveform on a 
mediun corresponding to a data synchronization detecticxi 
technique according to an enibodiment of the present 
invention; 

Figure 19 is a block diagram given in explanation o£ 
an exanple of the circuit layout of a magnetic disc 
device wherein the data synchronization detecticffi 
technique according to an eirbodiment of the present 
invention has been ^plied; 

Figure 20 is a block diagram given in e5q>lanaticxi of 
a modified exanple of the circuit layout of a magnetic 
disc device to v*iich the data synchronization detection 
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technique aoc»rding to an aribodlinsnt of the present 
InventiCTi has been ^jplied; 

Figure 21 is a block diagram given in esqplanaticn of 
a modified exairple of the cincuit layout of a magnetic 
disc device to v*u.ch the data synchronization (tetection 
technique according to an eirixdiinent of the present 
invention has been ^plied; 

Figure 22 is a block diagram given in explanaticai of 
an exaiple of the overall ccaistniction of a magnetic disc 
device to which the data synchronization detecticai 
technique aooording to an eiTtx)d±nnent of the present 
inviaition has been ^5)lied; 

Figure 23 is a flow chart illustrating an exanple of 
the action on data reoorxlLng with the data 
synchronization detection technique according to an 
enixxliiioit of the present invention; 

Figure 24 is a flow chart illustrating an exanple of 
the action on data reproduction with the data 
synchronization detection technique according to an 
embodimsnt of the present invention; and 

Figure 25 is a f\i^<jr~^ given in es^lanation of the 
data format layout according to the prior art. 

DESCRIPnCN OF "mE PREFERRED EMBCDIiyENTS 
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An entodiment of the present invention is described 
in detail below with reference to the drawings. 

Figure 18 is a view iUvistrating a format etc 
acx»niLng to the psresent invention. Qi magnetic disc 211 
on vAiicil the informaticm is recorded, there are provided 
ocHioentric circular traciks 21; in tracks 21 there are 
sectors 22 constituting the information 
storage/r^aroduction units. A sector 22 oonprlses 
ELO_SYNC 91, DATA 93, BX 94 and GAP 95. In this case, 
the conventicanal data synchronization signal is absent, 
and PIjO_SXNC 91 and DATA 93 are adjacent. Hie hottcm 
portion of this Figure illustrates an exanple of the data 
reprxxJuction waveform frm the reproduction head. Hiis is 
the reproduction waveform 23-1 of the frcffit portion of 
sector 22 from FLO_Sa«: 91 to DATA 93 and the 
reproduction waveform 23-2 of the rear portion of sector 
22 fron ECC 94 to GAP 95. Althou^, to facilitate 
imderstanding, the reproduction waveform 23-2 vM-di is 
here illustrated is a PLO_SYNC form waveform in GAP 95 to 
wirLch no scrarbling has been applied, any desired 
waveform, to viiidh scrantoling has been ^iplied, could be 
arployed. 

Figure 1 shows an exanple of the constructicai of a 
data synchronization detection device enplqyed in an 
inf ormaticHi recording and reproduction device of a format 
of this form, in which a data synchronization signal is 
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not used. The input data 11 is input to data 
identification means 1 . Data identification means 1 
performs data identification of input data 11 and ii^iuts 
the data identification output to serial/parallel 
conversico means 5. Serial/parallel conversicffi means 5 
outputs the data identification output with a bit vri.dth 
matching the code modulation bit width, and srespectively 
iigjuts this to menory 2 and data syndnronizaticoi 
detectiOTi means 3. The reproduced identified data 
ooaxesponding to FUDiSmC 91. DATA 93, ECJC 94, and GAP 95 
are successively held in memory 2. 

In this enixxHraent, data synchronizaticn detection 
means 3 detects the nvirber of oocunenoes of a specified 
bit sequence pattern at each position, and frcm this 
result detects the code-modulated codeword divisicais of 
the reproduced data, and outputs this as data phase 
detection CHitput 12. It also finds the correlaticai 
betstfeen the PLOJSYNC pattern of the front part of the 
identified data and the GAP pattern of the rear part of 
t±ie identified data and thereby detects the position of 
the codewo3Dd for virLch these patterns best coincide, and 
outputs this as the data position detection output 13. 

Manory 2 ii^ts the data position detection output 
13 frcm data synchrMiization detection means 3; the 
identified (feta held in manx>ry 2 is output frcm the 
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position corresponding to the data starting positicai and 
is then input to bit EihiEt cdrcuit 4. 

Bit shift circuit 4 outputs identified data in 
codeword units by performing bit shift such as to match 
the codeword divisions by data phase detection output 12 
si:5plied frcm data synchronization detection means 3, and 
inputs these to cxxte demodulating means 6. Code 
demodulating means 6 perf otcms code demodulation 
oorxesponding to the code modulation performed during 
information recording, and outputs the result as outpit 
data 14. 

In order to ea^xlain these actions, \*iether or not a 
specified bit sequence pattern is generated at ea<ii phase 
in the demodulation codeword will be described using 
Figure 3. Ihis will be described taking as an example the 
8/9 (0, 4/4) oonversicHi, in which 8-bit data is ocaiverted 
to a 9-bit codeword as disclosed in USP 4, 707, 681. In 
the v^jpernost part of Figure 3, nuriDers 1 to 9 indicating 
the bit width of codewords are set out. The codesrford 
divisicHis are before 1 and between 1 and 9. No. 1 to No. 
9 represent the conditions of each phase in the codeword 
in regard to bit sequence patterns in viiich there are 
three consecutive zero bits. Hiat is, the nine phases are 
respectively indicated such that No. 1 represents the 
case vAiere the position of the first 0 in a pattern with 
three ccaisecutive zero bits is at the phase of codeword 1 
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and No. 2 represents the case vtfiere the position of the 
first 0 in a pattern vn.th three cxsnsecutive zero bits is 
at the phase of cxDdeword 2. Since in these codewords a 
succession of four zero bits is permitted, it would in 
principle be expected that no problanns would be caused by 
generation of bit sequence patterns of three consecutive 
zero bits at any location. Hcwever, in the constructixxi 
of these codewords, the nutiDsr of consecutive zero bits 
at the terminal porticais of the codewords is restricted 
to no more than two bits. Consequently, at the positicoi 
of Ito. 1 where three zero bits are represented at the 
frcHit codeword terminal, and at the petition of No. 7, 
viiere three zero bits are represented at the rear 
codeword terminal, patterns of three consecutive zero 
bits cannot be generated. Whether or not three 
consecutive zero bits can be generated in this way is 
indicated for each phase in the ri^t-hand colum. 

Likewise, in the case of No. 10 to No. 18, the 
condition of each, phase in the codewords is indicated in 
respect of bit sequence patterns in »4iich there are three 
consecutive zero bits at a one-bit interval. In this case, 
* r^aresents any bit i.e. the bit can be either 0 or 1. 
That is. No. 10 illvistrates the case vtere the positiCHi 
of the first 0 in the pattern v*iere there are three 
consecutive zero bits at a one-bit interval is at phase 1 
of the codeword and No. 11 illxastrates the case viiere the 
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position of the first 0 in the pattern \^iere theooe are 
three consecutive zero bits at a one-bit interval is at 
phase 2 of the cx)deword; these are respectively shown for 
the nine phases. Since this codeword permits four 
consecutive alternate bits to be 0, in principle, it 
vflould be expected that bit sequence patterns in viiicii 
three consecutive alternate bits are 0 should be allowed 
to occur at any locaticxi. However, in the co^sword 
oonstruction, the nixrber of alternate bits viiich can be 
OCTisecutively 0 is restricted to not nore than two bits 
at the codeword terminals. Thus, at the positions of No. 
10 and No. 11, \*d.ch r^icesent cases v*iere three 
consecutive alternate bits are 0 at the front terminal 
portion of the codeword, and at the positions of No. 13 
and No. 14, vAiich represent cases *4iere three ocxisecutive 
alternate bits are 0 at the rear terminal portion of the 
codeword, patterns in which three alternate bits are 
consecutively 0 cannot be generated. Whether or not three 
alternate bits viiich are 0 can be conseoitively generated 
in this way is indicated for each phase in the ri^t-hand 
colunnn. 

Likewise, at No. 19 to No. 27, the conditicffis of 
each phase in the codewords for bit sequence patterns in 
»*iic!h there are four suooessive zero bits are indicated. 
Since caily four bits can be ccaisecutively 0, the bits at 
both ends will always be 1, so these are represented as 
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'100001' . Hiat is. No. 19 illustrates the case vtere the 
position of the first 1 in the pattern '100001' is at 
phase 1 of the cxadeword and No. 20 illxjstrates the case 
where the position of the first 1 in the pattern '100001' 
is at phase 2 of the codeword; these are respectively 
shown for the nine phases. Since in these codesrords a 
succession of four zero bits is permitted, it would in 
principle be ejcpected that no problems vjould be caused by- 
generation of bit sequence patterns of four oOTsecutive 
zero bits at any locaticn. However, in the construction 
of these codewords, the nuiiDer of consecutive zero bits 
at the terminal portions of the codewords is restricted 
to no more than two bits. Consequently, at the position 
of No. 26 viiere three ocaisecutive zero bits are 
represented at the front codeword terminal, and at the 
position of No. 27, where fcwr consecutive zero bits are 
represented at the front codeword terminal, and at the 
position of No. 24, viiere three OOTisecutive zero bits are 
represented at the rear codeword terminal, and at the 
position of No. 23, \*iere four consecutive zero bits are 
r^Kcesented at the rear codesword terminal, patterns of 
four consecutive zero bits cannot be generated. Whether 
or not fcnjr consecutive zero bits can be generated in 
this way is indicated for each phase in the ri^t-hand 
column. 
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Finally, at No. 28 to No. 36, the cwnditions of eacii 
jAiase in the cxadewords for bit sequencje patterns ±n virLch 
four alternate bits are sucx:essively 0 are indicated. 
Since only four alternate bits can be consecutively 0. 
the bits at both ends will always be 1, so these are 
repres^ted as '1*0*0*0*0*1'. Ttiat is. No. 28 illustrates 
the case ^teie the position of the first 1 in the pattern 
'1*0*0*0*0*1' is at phase 1 of the codesrord and No. 29 
illiistrates the case viiere the position of the first 1 in 
the pattern '1*0*0*0*0*1' is at phase 2 of the oodes«)rd; 
these are respectively shown for the nine phases. Since 
in these codewords a succession of four alternate zero 
bits is pemiitted, it would in principle be expected that 
no problens would be caused by generation of bit sequence 
patterns of four alternate zero bits consecutively at any 
location. However, in the oonstr uction of these codewords, 
the nutriDer of consecutive alternate zero bits at ilie 
terminal portions of the codewords is restricted to no 
nore than two bits. Consequently, at the positions of No. 
33 and No. 34 vvhere three alternate zero bits are 
consecutively represented at the front codeword ternunal, 
and at the positions of No. 35 and No. 36. viiere four 
alteniate zero bits are consecutively represented at the 
frtsit codeword terminal, and at the positions of No. 29 
and No. 30, v*iere three consecutive zero bits are 
represented at the rear codeword tentiinal, and at the 
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position of ISkD. 28 (No. 36 is cxxmon witii th& front 
cxDdeword temiinal) , wheire four alternate zero bits are 
consecutively represented at the rear cxDcieword terminal, 
patterns of four alternate zero bits cannot be 
cxjnsecutively generated. Whether or not four alternate 
zero bits can be consecutively generated in this way is 
indicated for eadti phase in the rl^t-hand colum, 

Itsjs, in the case of 8/9 (0, 4/4) ccaiversiOTi, it can 
be seen that there are positions vtiere the four patterns 

•000'. '100001', '0*0*0', and '1*0*0*0*0*1* cannot be 

generated. 

Althou^ hereinabove 8/9 (0, 4/4) conversicai vras 
taken as an exanple, the sanne situation arises in the 
case of other code conversions. Also, this is not 
restricted to cases viiere the coding factor is 8/9 but 
applies 113ces«ise to 16/17 conversiOTi or 32/33 ocaiversion 
or 64/65 conversion code modulation. Alternatively, code 
modulation can also be achieved choosing special patterns 
and positions vAiere only specific phases are generated, 
such as to be ^lied to pattern syndhronizaticHi 

detection according to the larese nt invention. For exsnple, 
regarding the No. 4 pattern and phase, only four such are 
present in 256 codewords, but, by changing the selection 
of codewords enplcyed, this can be increased to ei^t. 

Next, tlie data synchronization detecticxi action 
during information recording will be described using 
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Figure 4. An exaitple in viiidh data sj^cihronization is 

perf oxmed using a pattern in vvtiicSi three alternate bits 

viiidh ace 0 are cjonseoatively generated for 8/9 (0, 4/4) 

conversion vdJl be described. No. 1 to No. 9 indicate 

respective bit sequence patterns in a modulation codeword 

sequence corresponding to No. 17, No. 18, and No. 10 to 

No. 16 of Figure 3. Just as in the case for Figure 3, 

nuierals 1 to 9 represoit the bit widths of the oodesracds, 

and the oodewoi:d division is taken between 1 and 9. Also, 

* represents any bit i.e. the bit can be either 0 or 1. 

In the following sequence, the nuriDer of occurrences 
of the '0*0*0' bit sequence pattern in eadi modulation 
codeword phase during recording of information is 

represented by nimerical values and a histogram. As sihcwn. 

No. 1 to No. 9 have respective values 20, 37, 0, 0, 24, 0, 

0, 25 and 20. In this case, the bit pattern '0*0*0' is 

not generated at the No. 3. No. 4, No. 6 and No. 7 

positions. Since the division positions of the modulaticxi 

codewords on recording are known, the positions v*iere 

their values are 0 are fixed. In this conditicai threshold 

values are provided for the positions viiere the values 

are other than 0, that is for the values of No. 1, No. 2, 

No. 5, No. 8 and No. 9, these being determined sucti that 

data synchronization detection on reproduction can be 

adrLeved. The threshold values are values for deciding 

the nir±ier of occurrences of the pattern in each phase, 

20 



and are fcxmd statistically: they can be set to values 
that may be chosen at will or can also be altered as 
parateters; the decision conditions may be strictly set 
or may be loosely set. For exanple, if a thresbold value 
of 12 is set, there are only the four locations i.e. the 
0 portions, vtere this threEiiDld value is not exceeded, 
the mininun value of all the other locations being 20; 
thus the threshold value is esooeeded by at least 8 in all 
these cases, so that a sufficient margin for use is 
prx3vided. However, if the threshold condition is set 
strictly at 21 or more, there are then a total of six 
locations in vdxLcih the thresihold value is not exceeded, 
namely, the four zero portions and the locaticais No. 1 
and No. 9 vlhsce. the valxae is 20; the margin for data 
synchronization detection on reproduction therefore 
beccxtes small and it is therefore not possible to use 
such a setting for recording. As will be described later, 
such a situation can be overcome by altering the 
scrantJler. If the threshold value set is excessively 
strict, the nunrber of scrarttoler candidates on recaiiding 
will be increased; if the value set is excessively loose, 
performance on data synchronisation detection during 
r^xroduction will be adversely affected; it should 
therefore be variable in an ^jproprlate range of values. 

The threshold value that is set depends on the 
nuTiDer of allos*ed errors en reproduction; as a practical 
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value, about 5 to 10 is satisfactory. Ihere is a risk of 
data syndhronization detec±ion becaning inpossible viien 
errors ocxmc, either such that tihe nuiiaer of detections 
at the position wiiere the error occurs is decreased due 
to the ocojrrence of an error at the position v*ieie this 
bit sequence pattern is present, or such that oocurraice 
of an error makes the bit sequence pattern ^:pear at a 
position \f*iere this bit sequence pattern was not 
generated. This may happen either viien 5 to 10 sucii 
errors are generated concentrated in at least a single 
phase or ^*ien the total of the nonber of errors generated 
in positions vdiere this bit se(j3enoe pattern was present 
and the nvirber of eicrors generated in positions viiere 
this bit pattern was not preset is 5 to 10. Considering 
the average case, this means that a few tens of errors 
are generated in respect of this bit sequence pattern; 
also, considering that errors are also generated that 
have no connection with the ir^t sequence pattern (i.e. 
are not connected with errors involving either generaticxi 
or loss of the bit sequence pattern '0*0*0'). a rairtaer of 
errors greater than this wLLL be generated. The 
ejcoellence of the data synchronization detection 
performance obtained with the present Invention can 
thereby be ^predated. 

■me values in the ri^t-hand colutn of Figure 4 are 
obtained by arittmetical processing of total values of 
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the bit sequencje pattern on recording; in this way, 

determination of the threshold value is simplified, and 

better performance is ensured. Specifically, in the 

method of detemdnaticai viiich is illustrated, the values 

are generated by adding up the nixriDer of ooairrences of 

the bit sequence pattern at four phases, the locations 

viiich are zero being cxxmted at a single location, so 

that the minitrun values other than zero are at or above 

the threshold value. This voll now be described in detail. 

Since the values of No. 3, No. 4, No. 6, and Ho. 7 shown 

in Figure 4 are zero, their sun is also zero and this is 

entered in the position of No. 5. Next, the sum of the 

values of No. 4, No. 5, No. 7 and No. 8 is 49, and this 

Is entered at the position of No. 6. As a result o£ 

performing this processing nine timss, the respective 

values 82, 40, 81, 61, 0, 49, 69, 40 and 82 are entered 

at No. 1 to No. 9. The No. 5 position is always zero, so 

the minimin values other than this may be ccnpared with 

the threshold value. In fact, it is sufficient to ocitpare 

the thresihold value and the values of the positions other 

than No. 5. 

Let us new ccaisider the situation vAien 40 is 
obtained for the miniimn value at the positirais other 
than No. 5. This may be understood as expressing the fact 
that the range of setting the threshold value can be made 
wider than in the case described ^xjve. Also, cases v^bere 
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the result of the deteiniination is that [the itediim] is 
no longer usable (rairtier of times that scraittoler 
selection is repeated on data recording, taking into 
acxxwnt ease of data synchronization detection chi 
r^xroduction) also decrease. 

In this way. a method of determination viieretoy 
perf onnance can be further litproved may be ^plied by 
f icst of all finding the valines of the rairber of 
occurrences of the bit sequence pattern (nviriber present) 
in the respective phases, then performing a calculaticxi 
utilizing these. Various aEplicatians are therefore also 
possible apea± fron the method described herein. For 

example, it would also be possible to find for eadi of 

the nine phases, by a similar ocntoination, the total of 

the locations of the phases vtiere the bit sequence 

patterns of No. 1, No. 2, No. 5, No. 8, and No. 9 are 

present, and to detect modulation codeword division by 

the masdimn value thereof. In addition, a method is also 

possible in viiiich the difference of the sun of No. 1, ^fo. 

2, No- 5, No. 8 and No. 9 and the sun of No. 3, No. 4, No. 

6, and No. 7 is found for eacih of the nine phases by a 

similar ocnt)inaticm, and modulation codeword division 

detected frcm the location of maximum difference. 

Next, the data synchronization detection action in 

the case of reproduction of recorded inf ormaticai will be 

described using Figure 5. In this case also, in the same 
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way as in Figure 4, an exanple of data synchronizaticai is 
descanJbed using a pattern '0*0*0' (vinece * indicates any 
bit i.e. 0 or 1) of three alternative bits v^ch are 
<X)nsecutlvely zero for 8/9 (0, 4/4) conversion. 

Hie first cx)lum of No. 1 to No. 9 shows the nine 
phases of the patterns of three alternate bits viiidi are 
cxDnsecutively zero when performing data synchrxxiizaticffi 
detecticai. Since this is reproduction, the correct 
modulation codeword divisions cannot be ascertained until 
data syncihroni2:aticai detection can be aciiieved. Uiat is, 
only the bit vd.dth piiase corresponding to the modulaticxi 
codewords v*ien an identified reproduced data bit sequence 
is ir^t is displayed. The nvmerals 1 to 9 Indicating the 
bit width of the modulation codewords are listed; the 
interval between 1 and 9 constitutes the partiticai of the 
modulation codewords during irqjut. 

The next colum indicates the nuniber of occurrences 
of '0*0*0' bit sequence patterns and the phase of each, 
modulation codeword on reproduction of informaticai, as 
the value thereof and. a histogram. This shews that No. 1 
to No. 9 respectively have values: 16, 11, 11, 28, 9, 9, 
15, 9 and 9. Data synciironizatiCTi detecticai may be 
perf ormsd by analyzing this histogram and specifying the 
phase of the modulation codeword, Hcwever, in this 
exanple, data synchronization detection is difficult to 
perform xjsing a threshold value. That is, if 9 is chosen 
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as the threshold value, the locations that do not exceed. 

9 are: No. 5, No . 6, No. 8 and No. 9, and the po siticxi No. 

7 can be identified as being the middle bit of the 

codeword. Likemse., if 10 is chosen as the threshold 

value, the locaticxis that do not escceed 10 are No. 5, No. 

6, No. 8 and No. 9, and the position of No. 7 can be 

identified as being the middle bit of the codesword. 

However, if 11 is selected as the threshold value, the 

locations that do not exceed 11 are No. 2, No. 3, No. 5, 

No. 6, No. 8 and No. 9, and the partiticxi of the codeword 

cannot be identified. Likewise, if 8 Is chosen as the 

threshold valiae, there are no locations that do not 

ejocseed 8, so the partitiai of the codeword cannot be 

identified. 

i?tocordingly, in the following example, the sun of 
the values at four locations is taken, in the sanne way as 
when recording- Ihe sun of No. 1, No. 2, No. 4, and No. 5 
is 64, and this is entered at the location of No. 3. The 
sun of No. 2, No. 3, No. 5, and No. 6 is 40, and this is 
entered at No. 4. Repeating this process 9 times, for No. 
1 to No. 9, the respective values 40, 64, 64, 40, 63, 61, 
36, 49 and 51 are obtained. 1t)B mininun of these is No. 7, 
viiich is 36; the modulation codeword partition can 
therefore be specified iising this. In the case of Figure 
4. the mininun value corxesponds to the middle bit of the 
9-bit modulation codeword; if the same procedure is 
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adopted in tliis case. No. 7 becxmes the middle bit of the 
irodulation cxDdeword; thus the partition of the modulation 
codeword sihould be between 4 and 5 of the bit width phase 
corresponding to the laigth of the modiiLation codeword 
vviien inputting the initial bit sequence. In this 
connection a minimm value is sou^t: tte requirements 
for this are that it should be a single smallest value, 
the difference between this and the next smallest value 
being at least 1. 

As an exanple of the case of such reproduction, let 
\as assunne that recording was performed in accordance vd.th 
Figure 4 and that, on repDDduction, nine errars occur in 
the pattern relating to all of the phases, these being 
such as to adversely affect the detection oonditicxi (i.e. 
such that [the condition] is generated v<here it ou^t not 
to be generated and is lost \(diere it ou^t to appear) . 
lhat is, this is a situation in v*iic±L 45 errors have been 
generated. It is found that even in these circunstances, 
it is possible to carrectly detect the partiticn position 
of the modulation codewords and to obtain good detectiai 
performance. 

In this way, even on reproduction, it is possible to 
^3ply a nethod of identification whereby performance can 
be further improved, by first of all finding the values 
of the nuiiber of occurrences of the bit sequence pattern 
in the respective phases and then performing calculation 
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utilizing these. Various ^plications other than the 

msthod described up to this point are therefore possible. 

For exanple, a method is also possible in viiicii the sun 

of the bit sequence patterns of No. 1, No. 2, No. 5, No. 

8, and No. 9 present at the locaticxis are found by the 

same kind of oaribination for the nine phases and the 

partitions of tiie modulation codewords detected by the 

maximan value thereof. Furthermore, a nethod is also 

possible in v^rLch the difference of the son of No. 1, No. 

2, No. 5, No. 8 and No. 9 and the sun of No. 3, No. 4, No. 

6, and No. 7 is found for the nine phases by the sams 

ccxttoination, and the partitions of the modulated 

codesoords are detected from the locations v*iere the 

differmoe is an maxnitun. 

Furthermore, althou^, in Figure 4 and Figure 5, the 
description of an 8/9 (0, 4/4) conversion v?as given using 
the pattern '0*0*0' (vzhere * indicates an arbitrary bit 
i.e. 0 or 1) in vdiich three alternate zero bits are 
consecutive, as shown in Figure 3, ^)art from this, three 
other types of bit sequence pattern can also be employed 
for 8/9 (0, 4/4) conversion and it would also be possible 
to enploy respec tive bit sequenc e patterns; alte matively. 
a plurality of patterns could be used in confclnation. Q£ 
cxxjrse, if the bit sequence patterns anployed are 
increased, the scale of the calculation circuitry 
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increases, but it is also possible to inpixMe detection 
performance. 

Next, a data position detection method will be 
described losing Figure 6. The row at the top indicates 
the output of an ML (itiaxiinLin priority decoding means) 
which is the output of data identification. Since at this 
point the partition position of the modulation codeword 
is not known, the partition of PI£LSYNC 91 and DATA 93 
and the partition of the modulation codeword do not 
coincide. Of course. In fact, the partition of PED_SYNC 
91 and DATA 93 is also in an unknown ccaiditicsi. Hxls ML 
output Is subjected to phase detection for data 
synchrOTdzation detection to detect the partition of the 
modulation codeword. When this is done, the partition 
position of the modulation codeword is ascertained, and 
also coincides vdth the partition of FUD_smc 91 and DATA 
93. The assured data sequence that is output from the bit 
shift circuit in such a conditio n is the bit shi f t output. 
In fact. after data position detection has been perforaed, 
only the data section is output f rem the bit sihif t 
circuit, so, at this point, it may be assixtied that output 
is obtained fron PLO_S!fl«: 91 rp to GAP 95. 

In order to perform data position detection, the 
PLO_SXNC 91 pattern (known pattern enployed vAien writing) 
and the bit sequence pattern of the bit shift output, and 
pattern of GAP 95 (known pattern enployed v*ien writing) 
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and the bit sequence pattern of the bit shift output are 
respectively subjected to pattern ocnparison. 15xLs case 
is an exanple in v*iicli caiparison is effected of amounts 
corresponding respectively to three codewords. Seven 
phases vtere data position detection is performed are 
illustrated; the way in viiich this is done is illustrated 
at No. 1 to No. 7. Hie positions vAiere pattern cxjipariscaa 
is effected are positions remote frcm DATA. 93 and BCC 94. 
The nixrtoer of bits that coincide in the respective 

pattern ccnparisons is indicated in the ri^t-ha nd border. 

Ihsse nutitjers are respectively 47, 49, 51. 54, 49, 47 and 

46 for No. 1 to No. 7. Data position detection is 

performed usiag the maxutum position of the nurber of 

bits that coincide obtained by these pattern oarparlscKi 

results. In this case, this is therefore position No. 4. 

In the exsnple of the format of Figure 18, in order 
to facilitate understanding, the pattern of GAP 95 is 
taken as being the sams pattern as PLO_SYNC 91, but, so 
long as the bit sequence pattern that is viritten is kncwn, 
it could be any pattern. 

Also, althou^ the method oc3uld be adopted of 
ccnparing each bit in regard to the ML output, if this is 
dCHie, due to the ccxidition of the DATA bit sequence 
pattern, identification is difficult to achieve even in 
the vicinity of the correct position. Accordingly, 
detection acx:uracy can be ensured tiy enplqylng the 
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position detection output for data synchronization 
detection. 

In this case, in conformity vd.th the eiiibodiment 
descrilDed above, in the exsnple of a 9-bit codeword, in 
the identified data that is stored in menory, it is 
assumed that sufficient amounts (a plurality of 
codewords) are stored in regacd to the PLD_sm: 91 and 
GAP 95 portions; data position detection for data 
synciironization detection is necessary. However, fca: 
example viiere, as in 64/65 oonversiMi, the modulation 
codeword is long, in the case of an arrangannent in viiidi 
the causes of fluctuation of timing with viiidi identified 
data are stored in memory (for example fluctuatim of the 
speed of the motor that rotates the magnetic disc or 
fluctuation of the gate signal for reproducing the data) 
can be restrained to fluctuations shorter than 65 bits, 
the data position beocmes selE-evident from the results 
of phase detection of the data synchronization detection, 
so this is unnecessary. 

Figuce 7 sihows another data position detectiCMi 
nethod. In this case, for data position detection, , apaact 
from respective pattern comparison of the pattern of 
FW_Smo. 91 with the bit sequence pattern of the bit 
shift output as well as the pattern of GAP 95 witii the 
bit ^quence pattern of the bit shift output, pattern 
ccnparison is also performed in respect of the DATA 93 
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and EOC 94 portions vAiich are imnediately on the inside 
of these, lasing the sams pattern as for outsixSe. Hiat is, 
the bit sequence pattern of the bit shift output of the 
portion corresponding to DATA 93 is oatpared with the 
PLD_SmZ pattern and the bit sequence pattern of the bit 
sMft output of the porticai corresponding to BCC 94 Is 
ocnpared with the GAP pattern. These correspond to the 
portions indicated by broken lines in the Figure. In this 
case, this will be assumed to be the GAP pattern, vMch 
is of PIjO_SYNC pattern form. Indicated in Figure 18. The 
nunber of coinciding bits for the portion outside DATA 
viiich has been subjected to pattern ccraparison and the 
portion inside this are found, and the difference of 
these is found. Detecticai accuracy can be increased 
corpared with the case of the exanple illustrated in 
Figure 6 previously, by data position detection using the 
position at virLch this difference is a maxinun. In this 
exanple, data positiCHi detection was achieved at the 
position of Nb. 3, viiere the difference is 12. 

That is, this is because the difference of the 
result of the determination of the solid line porticxi of 
Figure 7 in v*rLch a ccnparison of the nurber of 
coincident bits is pearformed between the kncwn PIjO_SYNC 
91 and GAP 95 at the interval of the length of DATA 93 
and BX 94 and the result of the determination of the 
broken line portion, in vtiich a ccnparison of the nurtser 
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of coincident bits between the Jtnown PDO_S!fl«: 91 and GAP 
95 is likewise perfoimed iirmediately on the inside 
thereof is a maxirain vAien the oatparison position of the 
outside, solid line portion cx>incides with the boundary 
portion of FIXLSYNC 91 and DATA 93 i.e. at the point 
viiere the true data position has been detected. 

Figure 8 shows yet another method of data positiai 
detection. In this case, detection is performed using all 
of the portions outside the DATA 93 and BX 94 porticxis 
for data position detecticai. In this case, cauticai is 
required, since detection performance is Icwered if, as 
the reproductiCHi waveform in the idaitif ied data of GAP 
95 stored in memory, identified data of a disccxitinuous 
porticai (reproduction waveform of a write portion viiicii 
is actually discontinuous) are stored. In this case, 
detection performance can be raised by enploying the 
usable portion of the FLD_SWC pattern and GAP pattern to 
the maxiitun limit. In this exatiple, since the value of a 
maxiinLin value of 108 is indicated at position No. 6, data 
position detection is performed at this position. 

Also, in the same way as in Figure 7, pattern 
ccnparison can be performed also for the DATA 93 and BOC 
94 portions which are iitmediately cm the inside of the 
HjO_SXNC pattern and GAP pattern. Ihis case also is a 
situation in virLcih the bit sequence pattern of the bit 
shift CRitput of the portion oorrespcaidlng to DATA 93 and 
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the EIjO_S!iflNC pattern are cxxipared, and the bit sequence 
pattern of the bit shiEt output of the portion 
cxjrresponding to ECX: 94 and the GRP pattern are cotpared. 
Hie difference between the cKnparison result of the 
PLO_SYNC pattern and the GAP pattern and the cxanpariscai 
results in respect of the DATA 93 and ECC 94 portions may 
then be found, and the location at viiidi this is a 
maxiiiixn used for data positicai detection - 

Figure 9 shews yet another data positicai detection 
method. In this case, PLO_SYNC 96 is provided at sore 
position in DATA 93 as a data position detecticoi pattern 
for data positiarx detection, and data position detection 
is performed by data ocirparison of three locations. In 
order to facilitate imderstanding, the data position 
detection pattern is assumed to be the same pattern as in 
the case of PIO_SM;«3 91, but, so long as the written bit 
sequence pattern is known, any type of pattern could be 
enployed. Hiis may be a pattern such as is not generated 
in code modulation. In this exarple, the value of maxiraura 
value 54 is indicated at position No. 4, so data position 
detection is perfoniied at this position. Further 
inpxivenients may be made in this case, using the same 
concepts as in Figure 7. 

Figure 10 shews a data position detection method in 
the case vAiere TA occurs in front of the sector, in the 
case of the construction of Figure 9. Althou^ TA has 
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been referred to here, ^)art frcm TA, this cxjuld be any 
signal lowering the detection qnality of the reproduction 
waveform, or could be the quality of the decislCTi 
information vAien eEf acting data identification. The fact 
that TA has occurred in front of the sector is identified 
by means of the TA detection signal; its position is 
within the range of pattern catparison with the PlD_SQfC 
pattern for data position detection, so data position 
detection is perfoimed by pattern canparlson of the 
PLO_SMC 96 portion in DATA 93 and pattern ccnpariscai of 
GAP 95, instead of performing pattern coiparison with the 
PIjO_SYNC pattern in the header (shown by the brotaen line 
in the Figure) . Ihat is, in order to perform data 
position detection, pattern catparison is effected at taao 
locations of the three pattern corrparlson locations. In 
this exanple, a value of the maxairun value of 36 is 
indicated at position No. 4, so data position detecticn 
is performed at this position. In this case also, further 
improvements may be added, using the same oonc^t as 
Figure 7. 

Also, in regard to the exanples of Figure 6 to 
Figure 8 described above, if lowering of quality of the 
reproduction waveform, due for exanple to TA, is observed 
at either of the two locations, data position detecticxi 
may be perf armed at either remaining location. 
Specifically, this is because, since the length of DATA 
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93 and ECC 94 \*ien wrLting is known, the end poslt±on can 
be deduced frcm the position of the header side, v*iicii 
has been established (result of ccnparison of the 
FLO_SWC pattern) ; contrariwise, the header can be also 
be deduced from the end position (result of ccnpariscai of 
the GAP pattern) . 

Furthermore, in regard to the point where TA has 
occurred, it may be es^jected that data identification 
results will be pfcoduoed depart! ng frcm the reoo rded data. 
Consequently, data phase detection performance can be 
ensured by arranging that sucSti portions are not eirployed 
as idaitlf led data for data phase detection in data 
synchronization detection. 

Figure 11 is a view given in es^lanation of the 
construction of data synchrMiization detection means 3 
according to the present invention- In general terms, 
data synchronizatiQn detection means 3 cotprises data 
phase detection means 30 that generates a data phase 
detectiOTi output 12 and data position detection means 40 
than generates data position detection output 13. 
Serial/parallel oxEversion output 15 is ii^t to data 
syndhronization detection means 3. Serial/parallel 
conversion output 15 is of 9 bit width; the LSB side 
signal is successively ir^t frcm the MSB side to flip- 
flop 41 to flip-flop 49. It is also ir^t to pattern 
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oorparison circuits 31 to 34 and PIjO_SYNC ccnparistxi and 
coincident bit count ciEXXiits 50 to 53. 

In data phase detection means 30, first all pattern 
cdiparlsCTi circuits 31 to 34 conpare the SP conversicai 
output data with the pattern '0*0*0' in order for ejcartple 
to perform the operation of Figure 5. Pattern oarparison 
cixicuits 31 to 34 are of the same circuit layout, vd.th 
their ir^t connection ends being connected as shoMn in 
the drawing so as to effect a shift of one bit in eadh 
case. Uie outputs of pattern ocnparison circuits 31 to 34 
are input to count circuits 35 to 38. Hius, vSien a bit 
sequence pattern is generated, count circuits 35 to 38 
Sim the raiTiber of such occurrenoes. "Ihe outputs of count 
circuits 35 to 38 are ir^t to phase determination 
circuit 39 viiidti determines the data phase by perf anning 
calculation for determination of the data phase, and 
outputs the determination result as data phase detecticxi 
output 12. 

In data position detection means 40, first of all 
ccrrparlsCTi vd.th the PLO_S}£NC pattern is effected by 
PLD_smc ocnparlson and coincident bit nutrber count 
circuits 50 to 53. The miriber of coincident bits is thus 
counted and its valiae is output. PLO_aflNC carparlscai and 
coincident bit nuriber count cirorlts 50 to 53 are of the 
same circuit layout, with their ii^t connection ends 
being connected as shown in the drawing so as to effect a 
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shift of one bit in each case. Hie outputs of PLD_SXNC 
ocnparison and coincident bit nutiber count dxcuits 50 to 

53 are input to selector circuit 62 and delay means 54 to 
61. Hie outputs of delay means 54 to 61, delayed by a 
prescribed value, are ii^nat to select circuits 63 to 64. 
One phase of PljO_SffllC ocnparison and coincident bit 
nviitoer count circuits 50 to 53, delay means 54. 56, 58 
and 64 or delay msans 55, 57, 59, 61 is selected and its 
output is ii^t to switch 65, The output of switch 65 is 
calculated by data position determination cizicuits 66, 
and output as data position detection output 13. 

Since in this case it was assimed that the GAP 
pattern is the sane pattern as the EIXLSYNC pattern 
(shown by way of exsnple in Figure 18) , the delay means 

54 to 61 are used to associate the output of the EiXLSaC 
canparison and coincident bit nvzitier count circuits 50 to 
53 with the respective pattern positions, this output 
being shared. Also, in order to produce the acticai shewn 
in Figure 10, switcih 65 is controlled by control signal 
68, such as to make available for use only the portion 
viiicii is effective for identificatioi. Control signal 68 
is generated by control circuit 67 \asing the data quality 
signal 69. i^)art frcm this, control signal 68 is ii^t to 
data phase detection neans 30 and/or delay means 54 to 61 
and/or data position identification circuit 66 to perform 
required operations. 
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Figure 13 is a view given in explanation of tiie 
construction of a bit shift circuit 4 aooording to the 
present invention. Memory output 17 is input to bit shift 
circuit 4. MemoEy output 17 is input to the LSB bit side 
of flip-flop 85 and parallel shifter 86. The output 87 of 
flip-flop 85 is input to the ^BB bit side of parallel 
shifter 86. Parallel sihifter 86 outputs bit-shifted 
output 18 obtained by shifting the ir^t data by a 
prescribed value such that output corresponding to the 
position of the modulation oodeiword partition can be 
achieved by data phase detection output 12. 

Bie construction c£ a further data synchronizaticxi 
detection device will now be described using Figure 2. In 
this construction, reduction of the size of the circuitry 
is achieve by serial bit ir^t to data syndhronizaticai 
detection means 10. Ir^t data 11 is ir^jut to data 
identification means 1. Data identification means 1 
performs data identification of the ir^t data 11 and 
ii^ts the data identification output to serial/parallel 
conversion means 5 and data synchronizatiCTi detecticsi 
means 10. Serial/parallel ocnversion means 5 oul^xits the 
data identification output with a bit width oonf orraing to 
the code modulation bit width, and ii^juts this to manory 
2. In memory 2 there are successively held identified 
data correspondi ng to the reprod uced PIO_EKNC 91 , DATA 93, 
ElOC 94, and GRP 95. Data synchronization fetectioi means 
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10 detects the nuiiber of ocjcurrences of a specified bit 
sequence pattern in each phase, and, fron this result, 
detects code-modulated codeword partitions of the 
reproduced data, and outputs the result as data phase 
detection output 12. Also, it finds the oorrelaticxi 
between the PLO_SWC pattern at the front part of tiie 
identified data and the GAP pattern at the rear part of 
the identified data, and thereby detects the oodevrard 
position that best coincides with these patterns, and 
outputs this as data positiOTi detection output 13. The 
data position detection output 13 is input to manory 2 
and identified data stored, in memory 2 is output from the 
position oorrespOTiding to the data start positicai and 
ii^t to bit shift circuit 4. Bit sihift circuit 4 outputs 
the identified data in code word units after performing 
bit shifting in accordance with the data phase detecticHi 
output 12 sudhi that this coincides with the codewrard 
partitions; these are then input to code demodulaticxi 
means 6. Code demodulatian means 6 performs code 
demodulation corresponding to the code nodulation that 
was performed on information recxirding, and outputs the 
result as output data 14. 

Figure 12 is a view given in explanation of the 
oonstnx±ion of further data synchronization detecticai 
means 10. In general terms, data synchronizaticai 
detection means 10 canprises data phase detecticai means 
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70 that generates a data phase dstection C3utput 12 and 
data position detec±ion means 70A that generates data 
position detection output 13. Data identification output 
16 is ir^t to data synctironization detection means 10. 
Data identification output 16 is suooessively irixit to 
stdft registeors 76 to 84. Ttye outputs of shift registers 
76 to 84 are ir^t to pattern ocnparlson circuits 31 and 
PLO_SYNC carparlsan and coincident bit count circuit 50. 

In data phase detection means 70. first of all, 
pattern corparison circuit 31 effects ccnparlson with the 
pattern '0*0*0' in order for exannple to Irrplenisit the 
action of Figure 5. Since, in pattern catparison circuit 
31, the data identification output 16 spears sihifted ty 
one bit at a time with each bit clock, bit sequence 
comparison in each phase can be effected by a single 
circuit. However-, operation has to be performed at each 
bit clock. The output of pattern corparison cirorLt 31 is 
selected and ir^t to count circuits 35 to 38 ty 
demultiplexer 71. VJhen bit sequence patterns are 
goierated, count circuits 35 to 38 count the nutriber of 
occurrences. Ihe outputs of count circuits 35 to 38 are 
irijut to phase idontification circuit 39, viiere 
calculation is performed for data phase identification; 
data phase identification is thereby carried out and the 
identification results are output as data phase 
identification output 12. 
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In data position detection means 70A, fixst of all, 
PLO_S!£NC cxxrparison and coincident bit count circuit 50 
perfontis ccnparison with the FUD_sm: pattern. Ihe raiiiDer 
of coincident bits is thus counted and its value is 
cxitput. The output of PIjO_SYNC caipariSCTi and coincident 
bit count circuit 50 is input to selection circuit 73, 
delay means 54 and delay means 55. Delay means 54 and 
delay means 55 deliver the output of ¥LO_smc comparison 
and coincident bit cxDunt ciccuit 50, delayed by 
prescribed values, to selection circuit 74 and selecticxi 
circuit 75. Selection circuits 73 to 75 select cxie phase 
in accordance with the data phase detection output 12. 
and input the output thereof to switcih 65. The output of 
switch 65 is subjected to calculaticai processing by data 
position identificaticai circuit 66, to detect the data 
position and is then output as data position detecticai 
output 13. 

Since in this case it was assumed that the GAP 
pattern is the same pattern as the PID_afNC pattern 
(shown by way of exanple in Figure 18) , delay means 54 
and delay means 55 are used to associate the output of 
the PLO_SXNC ccnparlson and coincident bit ninijer count 
circuit 50 with the respective pattern positicais, this 
output being shared. Also, in ordetr to produce the action 
shown in Figure 10. switch 65 is controlled by control 
signal 68, such as to itake available for use only the 
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portion vvhicii is effective for identification. Control 
signal 68 is generated by cxantrol circuit 67 xising the 
data quality signal 69. Apart frcm this, cxDntrol signal 
68 is input to data phase detection means 70 and/or delay 
means 54, delay means 55 and/or data position 
identification circuit 66 to perform required operaticHis. 

Hie layout of Figure 12 performs a ocrapletely 
equivalent action to that of Figure 11. Althou^ the 
front stage must operate with the bit clock period, the 
size of the circuit can be reduced. 

Figure 14 is a view given in esiplanation of the 
sequence during information recording according to the 
present invention. The write data constituting the 
information that is recorded are the PljO_SYlSiC, DATA, ECC 
and GAP; these are delivered from the magnetic disc 
control circuit. Ihe gate signal W3 for writing is 
respectively associated with these. Also, scxantoling is 
^plied to the DATA and ECX: information by a scrarbler 
signal for scranaaling the data. As a result, the ELO_SXNC, 
scrartjled DATA, scranfcled ECC, and GAP are recorded oa 
the recording mediim. Althou^ in this case the data of 
the GAP section is not scranobled, if the pattern that is 
written is known, scratttoling could be ^jplied. 

Figure 15 is a view given in explanation of the 
sequaice on information reproduction according to the 
present invention. The PLO_Sa«:, DATA, ECC and GAP 



43 



recorded on the information recording mediun are 
repiroduced in correspondence with the gate signal RG f cor 
reading. Signals corresponding to PIjO_S^aJC, DATA, BCC, 
and GAP ^pear in the Pre._JMP output, v*iich is the 
reproduction output of the repro&iction head. Signal 
processing is perf oiined c«n this output using a filter or 
equalizer, and data identification is effected by the 
data identification means. The output of this is the ML 
output, and this has sane delay fran the Pre_ to 
allow for data idaitification. Data synciironizatian by 
the data synchronization detection means is performed 
cancurrently with storage of the ML output in memory. A 
delay of the order of about one sector is generated for 
data synchronizaticai detection. When data synchronization 
detection is performed reproduced data is output fran 
memory. What is output fran memory is DATA and the BOC. 
Code demodulaticxi and descrantoliiig are performed csi the 
memory output so that NRZ data is output. The NRZ data is 
subjected to EGC error correction processing to obta in 
DATA which is output as reproduced data. Delay in the 
amount of about one to t»o sectors is then generated due 
to this ECX: error correction processing. 

Figure 19 is a view given in e3?>lanation of the 
circuit diagram of a magnetic disc device. Htb circuitry 
of the data systan caiprises, in general terms, an HDA 
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(Head_Disc_Assen4jly) section 301, signal processing 
section 220, and HOC (Hard_Disc_Controller) 214 section. 

First of all, the qpecation of recording infomBtiai 
will be described. 

VJhen information is recorded, the informaticai to be 
recorded Is transferred frcm a si5)ervisory device 202 and 
enters HDC 214. HDC 214 then ir^juts this through Host_I/F 
302, and Host_FIPO 303, to Buffer_tfenager 31 and 
scranpbler dieck circuits 306 to 307 for scrambler 
identification for data synchronization detection. 

Ihe nutrtDer of scrantoler csheclc circuits depends <xi 
the nutiaer of scrartjlers that are provided as candidate 
scrattblers . An exanple in \Aiicih four are eirplqyed will be 
described. As the scrariblers vvhich are provided, for 
exanple four scrantjlers are provided, such as two 
scramblers of different generation polynanial from the 
original values of the scraiibler in order to prevent the 
situation of data synchronization v#ifh data after 
scrantoling beconing inpossible and, in additicffi, two 
scrantolers with different scranibler initial values, in 
order to arrange for a large Hamning distance frcm the 
IWlSWC pattern v*ien encoding by scrar±>ling the initial 
data, in order to ensure that data position detecticMi is 
performed accurately. In order to perform data position 
detection accurately, it is also possible to forcibly 
write a pattern having a large Hamning distance frcm the 
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PIiO_sm; pattern inmediately in front of the initial 
data; if this is done, the nviitier of scramblers that need 
to be paiepaced can be reduced. 

Hie results of the scraitfcler cOieck circuits 306 to 
307 are ir^t to the scrambler identificaticai circuit 308 
\it^re the scranobler to be ^lied is selected, and this 
infornnation is transferred, to BufferJVfenager 311. 
BuEfer_Ifanager 311 holds in a data buffer 215 the 
information that is sent thereto f ran the st^jervisory 
device 202 and the scrani5ler inf onnation selected for 
this information. If information recording to magnetic 
disc 211 has been enabled, the Infonnation that is sent 
thereto from si5)ervisory device 202 and the scrambler 
information selected for this information are transferred 
from data buffer 215 to signal prxxjessing section 220 

throu^ Buffer_Manager 311. Disk _FIPO 314, and switcii 316 
During this process, syndrcme generation and CRC 
generation for error correction by syndrcme and CRC 
generating circuit 317 are performed, and the informaticn 
is appended throu^ switch 316. 

Signal processing secticoi 220 uses scrambler 
selection circuit 326 to select the scranrbler in 
accordance with the scrantoler information in the 
transferred information, and uses scranibler circuit 327 
to perform scranobling. After this, data enocximg etc are 
perfonned, and the data are transferred to HDA secticai 



46 



301, for tlie information to be recorded on magnetic disc 
211. 

Itie processing during the data recording according 
to the eirbodlmait described above is shown by way of 
example in the flow chart of Figure 23. 

Next, the operation of reproducing the infonnatitxi 
mil be described. 

Vflien r^Mxiducing information, if there is a request 
for inf onnation reproduction f ran a si:5)ervisory device 
202, and reproduction of information frcm magnetic disc 
211 has been enabled, after passing frcm magnetic disc 
211 and throu^ reproduction magnetic head 212-2, Channel 
331 that performs waveform equalization etc, and data 
identification means 1, data identification Is perfontBd. 
The identified data is ir^t to memory 2 and data 
synciironization detection means 3, where data 
synchronization is performed, and the synchronized data 
is output frcm bit shift ciroiit 4 and, after being 
subjected to code demcdulation by code demodulaticai means 
6, the data is transferred to HEX: 214. 

HDC 214 ir^ts the transferred data to manory 321 
and descrantolers 319 to 320. These descranfclerB 
correspond to the scrantder check: circuits 306 to 307 
when recording, and are of the sane nviriber. Syndixms 
calculation for error correction is performed by syndrone 
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calculating circuits 323 to 324 in accordance with the 
data descranibled by descraniblers 319 to 320. 

The syndtane calculation circuits also match the 
nvitiDer of descrsniblers. Using the out^xits of syndrcme 
calcaalation circuits 323 to 324 viiich perform syndrone 
calx3ulation, a descramblea: is decided v^pon by using the 
desdantoler determination clxicuit 325 to determine the 
respective nuifcer of errors and thus to decide v4iic±i of 
these has the smallest nviriber of errors. If there is 
nothing that is cashable of error correcticai, an error 
that is inc^)able of correction hy any means is deaned to 
have occurred and the fact that an uncorrectable error 
has occurred is reported through WCS 313 etc that 
controls the recording and reproduction c^^eration, so 
that the necessary ac±ion, such as retrying, can be 
performed. Errors of a range that is capable of 
correction vnJLL now be described. 

Descranbler circuit 322 selects a descrarnbler in 
accordance with the descrantoler information determined by 
descraniDler determinaticai circuit 325 and descrartoles the 
data from memory 321 . Using the descraKbled data and 
error information from descrantiler determination circuit 
325, error correction circuit 318 corrects data errors 
and, passing the data throu^ DiskJFIPO 314 and 
Buffer_Manager 311, temporarily stores the data in data 
buffer 215. 
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If data transfer to the st5)ervisory device 202 has 
been enabled, data transfer to su5)ervisory device 202 is 
effected fron data buffer 215 throa^ Buffer_Manager 311, 
Hbst_FIFO 303, and Host_I/F 302. 

An exarrple of data reproduction processing in 
accordance vd.th the entodiment described above is 
illustrated in the flow chart of Figure 24. 

Figure 20 is a diagr a n illustrating an exanple of 
the ciraiit layout in a magnetic disc device aoccxnding to 
a modified exanple. In the exanple of Figure 19, the 
construction was such that a descrarrbler was selected for 
vAiidh the nurtoer of eoxars was a raminiin, by eroDr 
oorrection syndrcne calculation. In the constructicxi of 
the modified exanple of this Figure 20, the advantage is 
obtained that error correction during reproduction can be 
perf oimsd independently of a descrantoler ty generating 
error correction syndronies for scrambled data. In general 
terms, the data system circuitry oanprises an HDA section 
301, signal processing section 220, and a HDC 
(Hard_Disk_COTitroller) 214 section. 

Hie operation of recording information will now be 
described. 

When information is to be recorded, informaticxx to 
be recorded Is transferred from si^jervisory device 202 
and enters HDC 214. In HDC 214, input is performed 
through Hbst_I/F 302, Host_FIFO 303 to Bufferjfenager 311 
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and scrambler cJiecik cdxcults 306 to 307 for deciding on a 
scrambler for data synchronization detection. 

The scrantoler check circuits are as described above, 
in accordance with the rainber of screntoleES pr^ared as 
candidate scrantolers. 

Tbe results of the scrant)ler check ciricuits 306 to 
307 are ir^t to scrariDler detennination circuit 308 viien 
the scraribler to be ^jplied is selected, and this 
informatiCHi Is transferred to Buffer_Manager 311. 
Buffearjfenager 311 holds in data buffer 215 infcamaticai 
sent from supervisory device 202 and the scraniDler 
infoimation that is selected by this infoimtion. If 
reoordiag of infontation cxi magnetic disc 211 has beoctne 
enabled, the infoimtion arriving fron supervisory device 
202 and the scrambler information selected by this 
information are transferred f3xm data buffer 215 throu^ 
Buffer_ffanager 311, Disk_FIPO 314, switch 332, scrambler 
circxiit 327, and switch 316 to signal processing secticxi 
220. SGratrbler selection of scrantoler circuit 327 is 
performed by scrambler selection circuit 326 in 
accordance with the scraniDler inf onration in the inccming 
information. Also, en rcxite. CRC generation is perfoined 
by CRC generating circuit 334, so that this can be ii^jut 
to scrantoler circuit 327 ty switch 332. Scrant)ling is 
performed on the CRC that has been added to the data by 
syndrcme generating circuit 333. so that this can be 
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transferred to signal pix)cessiiig section 220 by switdi 
316. 

Signal pcrocessing section 220 performs data encoding 
etc. before transferring the data to HDA section 301, 
where the information is recorded on magnetic disc 211. 

Next, the operation of information reproducticffi will 
be described. 

In reproducing information, if there is a request 
for information reproduction fron st5)ervisory device 202 
and reproduction of information from magnetic disc 211 is 
enabled, data identification is performed frcm negnetic 
disc 211 throu^ reproduction magnetic head 211-2, 
Qiannel 331 that performs waveform equalizatim etc, and 
data identificaticai means 1. Ihe identified data is ii^xit 
to memory 2 and data synchronization detection means 3 
where data syndironization is performed and the 
synctoanized data is output frcm bit shift circuit 4 and 
code demodulated data is transferred to HDC 214 by code 
demodulation means 6. 

HDC 214 inputs the inocncLng data to disc_FIPO 314, 
syndrome calculation circuit 337 and descrsntslers 319 to 
320. The data that is ir^t to disc_FIPO 314 passes 
throu^ Buffer_Manager 313 and the data is then 
teirporarily held in data buffer 215. Syndrone calculation 
cirooit 337 performs syndrome calculation and error 
correction calculation based on this; if there is an 
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error, the data in the data buffer 215 is cx»rxected 

throu^ Bufferjfenager 311. The descjranibler descrantDiles 

the reproduced data. The result is input to CBC chedk 

circuits 335 to 336 and the CSC calculation result after 

correction is found frcm the error information found by 

CRC calculation and syndronne calculation circuit 337. 

Ihis result is input to the scrambler determination 

circuit so that a CRC calcaalation result without error is 

selected for descrantoling. These scranijlers oorrespmd to 

the scranobler check circuits 306 to 307 on recording and 

are the same in nuiiber as In the previous exatple. If 

errors cannot be eliminated by the CBC calculaticai, an 

error that is inc^)able of correction by any means is 

deemed to have occurred and this is reported throucji VKS 

313 etc that controls the reooarding and reproduction 

operation, so that the necessary acticffi, sudi as retrying, 

can be performed. Errors of a range that is c^jable of 

correction will new be described. 

The descranibler information that has been found is 
held in data buffer 215 together with the data, after 
passing throu^ Buffer_Manager 311. 

If data transfer to a st^jervisory device 202 is 
enabled, data and descraitoler information are read fron 
data buffer 215 throu^ Bufferjfanager 311, as a result 
of vshich descrarabler selection circuit 309 selects a 
descrentoler of descrantoler circuit 310 and executes 
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descararnbllng; data transfer to supervisory device 202 is 
then performed through Host_FIFO 303 and Hbst_I/F 302. 

Figure 21 is a diagram illustrating the circuit 
layout in a magnetic disc device according to yet to a 
further modified exanple aooording to this entxxiiinent. 

In the exanple of Figure 20, a construction was 
adopted in vvhich reliable data error oorrectioi was 
acirLeved by error correcticai syndrome calculation being 
performed cai the scrannbled data. In additicai, in this 
case, the construction is such that error oorrecticKi and 
descrant)ling can be more reliably performed by, in the 
event of data recording, recording together with the 
scranibler Information on a magnetic disc 211 constituting 
the information recording mediun and, in the event of 
data reproduction, also reproducing the scratrbler 
information together with the data. Ihe circuitry of the 
data system ccnprises, in general terms, an HDA secticxi 
301, signal processing section 220, and HOC 
(Hard_Disc_Controller) 214 section. 

First of all, the action on information recording 
will be described. 

The circuit constmction and action on information 
recording are the same as in the case of Figure 20. 
However, viien selection of the scrantaler of scraattl^ 
cirorLt 327 is performed by scranbler selecticai circuit 
326 in accordance with the scraniDler information, all of 
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the scTOTblea: inf conation without exception is 
transfeanjed to the signal processing section 220. 
Fiirtheiiiiore, signal processiag section 220 transfers the 
scrarnbler information to HDA section 301 together with 
the data and records it on magnetic disc 211. 

Next, the action on information reproduction will be 
described. 

When reproducing information, if there is a request 
for inf ormaticxi reproducticffi fran a supervisory device 
202, and reproduction of information from magnetic disc 
211 has been enabled, after passing fran magnetic disc 
211 and throu^ r^Hcoduction magnetic head 212-2, Qiannel 
331 that performs waveform equalization etc, and data 
identification means 1, data idoitification is perfonned. 
The identified data includes the previously recorded 
scrsntoler information. The identified data is ir^t to 
matory 2 and data synchronization detection means 3, 
\*iere data synchronization is performed, and the 

synchronized data is output frcm bit shift circuit 4 and, 

after being subjected to code demodulation by code 

demodulation means 6, the data is transferred to HDC 214. 

HDC 214 inputs the transferred data to DisGcJlFO 314, 

syndrcme calculation circuit 337 and descrantolers 319 to 

320. Hie data that has been ir^t to DiskJIPO 314 passes 

throu^ Buffer_Manager 311 and is tarporarily held in 

data buffer 215. The data that is tenporarlly held in 
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data buffer 215 also includes scxarabler informaticxi. 
Syndrcme calculation circuit 337 performs syndrone 
calculation and error correction calculation based on 
this, and, if errors are present, corrects ttie data in 
data buffer 215. throu^ Bufferjfanager 311. 

Desca:arrbler(l) 319 to Descranibler(n) 320 descrannble 
the reproduced data. Ihe result of this is ir^xit to CRC 
check circuits 335 to 336 and the corrected CRC 
calculaticxi result is found from the CRC calculation and 
the error information found ty syndrcme calculation 
circuit 337. TMs i^esult is inpit to error correction 
decisicn circuit 339, viiich decides vAietheo: the error 
corxectico processing was coaizect or not. If an error is 
present, the fact that an uncorrectable error has 
occurred is reported thnou^ WCS 313 etc that ccaitrols 
the recarding and r^xroduction operation, so that the 
necessary action, such as retrying, can be perfontied. The 
processing in descrantolers 319 to 320, CRC ciieck circuits 
335 to 336, and error correction decision circuit 339 is 
arranged and operates in this way, in order to effect 
imnediate detection of the presence of errors in the 
reproduced infomation. If there is sufficient margin In 
terms of time and circuitry for such processing, it is 
also possible to identify the presence of mis-correction 
in the error correction by using t±ie reproduced sarariDler 
inf ormatiOTi to perform descranijling on the error- 
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corrected data, before performing CRC calculation 
processing. 

If data transfer to the si^jervisory device 202 has 
been enabled, data and descrarabler informaticai ace read 
throu^ Bufferjfenager 311 from data buffer 215, and a 
descrantoler of descrantoler cijxaait 310 is selected by 
descaranibler selection circuit 309. and descrar±»llng is 
performed; data transfeor is then effected to supervisory 
device 202 through HostJFIPO 303 and Hbst_I/F 302. 

Figure 16 is a view given in explanation of a time 
chart and format when writing scraartoler information of 
the exarple of Figure 21 to magnetic disc 211. 

Hie Wcite_Data constituting the information that is 
recorded coiprises P!LO_SYNC 91, scranbler Information SCR 
97, DATA 93, FCC 94 and GAP 95; these are sent fron the 
magnetic disc control circuit. The gate signal W3 for 
writing is associated with these. Also, scrambling is 
^plied to the DATA and ECX: information by means of the 
scrambler signal in order to scranflDle the data. As a 
result, the FLJD_Sm: 91, SCR 97, scrantiled DATA 93, 
scrantoled BGC 94 and GAP 95 are recorded on the recording 
medum. In this case, no scrantoling was appl±e6. to the 
data of the GRP section, but, if the written pattern is 
known, scrantjling could be applied. 

Figure 17 is a view illijstrating a time chart and 
format in the case of reproducticai of scrsntoler 
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Infontiation of the example of Figure 21 fron a magnetic 
disc. 

The PLO_Sa«: 91, SCR 97, DATA 93. ECC 94 and G?^ 95 
that are recorded on the information recording median are 
reproduced in correspondence wLtii a gate signal PG for 
purposes of reading. Signals corresponding to PLO.SXNC 91, 
SCR 97. DATA 93, EOC 94 and GAP 95 ^jpear in the PreJ^MP 
output, whicii is the reproduction output of the 
reproduction head. Signal processing is perfonned on this 
output using a filter or equalizer, and data 
identification is effected ty tlie data identification 
means. The output of this is the ML output, and this has 
sore delay fron the Pi:e_ SMP output to allow for data 
identification. Data syndhroiization tfy the data 
syndironization detection means 3 is perfonned 

concurrently with storage of the ML output in manony (1)2. 

A delay of the order of about one sector is generated for 

data synchronization detection. When data synchronization 

detection is performed reproduced data is output f rem 

memory 1(2). What is output fron memory 1(2) is SCR 97, 

DATA 93 and EEC 94. Code demodulation and desccanbllng 

are performed on the meitory output so 1±iat NRZ data is 

output. The NRZ data is subjected to BCC error correction 

processing to obtain SCR 97 and DATA 93 v^ch are output 

as reproduced data. Delay in the amount of about one to 
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two sectors is then generated due to this EOC error 
correction processing. 

It should be noted that, althou^, in an exsnple 
where a sciasnrbler is enplqyed, FLO_SHSfC 91 and DA^CA. 93 
are not directly adjacent, since SCR 97 is the scranbler 
of the data, it can be considered as part of DMA 93. 
Hiis can therefore be regartJed as an exaiple where 
FLD_SWC 91 and DMA 93 are adjacent, in the same way as 
the exsnple described in Figure 18. 

Figure 22 illustrates an example of a magnetic disc 
device enploying a data syncihrDnizaticHi detection 
technigv:^ in acoan3ance with this entoodiment. ffegnetic 
disc device 201 catpcises magnetic disc 211, magnetic 
head 212, R/W ^MP 213, HX: 214, microccnputer 223, data 
buffer 215, servo processing circuit 216, meciianical 
system driver 217, VCM 218, motor 219 and signal 
processing section 220- Signal processing secticHX 220 
includes signal processing means of constructican as 
described above or signal processing means of another 
oonstruction according to the psresent irrventicoi, or data 
synchronization detection means of the constnxrtion 
described above or data synchronization detection means 
221 of another construction according to tihe present 
invention. HDC 214 oaiprises an HOC of the constructicai 
described above, or an HDC of another cQnstrvK±iOTi 
according to the present invention. 
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Magnetic disc device 201 of this construction can be 
inplertented by a magnetic disc device in v*iich there are 
few data synchronization detection errors. Also, magnetic 
disc device 201 of this construction makes it possible to 
inplennent a nagnetic disc device in vAiich the format 
efficiency of the magnetic disc 211 viiicii is the 
information recording mediim is innproved so that more 
user data can be stored. 

As described abcfve, with the data synchrrarLzation 
detection technique of this entodiment, data 
synchronization detection can be realized \3sing the code- 
modulated data itself that is to be recorded/reproduced, 
thereby making it possible to match the data 
synchroiXLzaticHi detection performance vd.th the data 
identification performance. Also, statistical processing 
can be perf omed vsing all the ordinary code-modulated 
data. Accurate data synchronization detection can thereby 
be achieved with few errors. 

Also, a data synchronization signal region viiidi vras 
pacDvided in a oonvoitiCTial data format is oatpletely 
unnecessary, and there is no need to record a data 
synchronization signal even cai the information recorxiLng 
mediun sudi as the magnetic disc 211, so an iirproved 
format efficiency of the inf onnation recording mediun can 
be achieved. 
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Althou^ t±ie invention made by the present inventors 
has been descxibed in detail with ref erencse to an 
embodiment, the present invention is not restricted to 
the above eirbodiinent and cxnLd of course be altered in 
various ways without departing fron its essence. 

For exaiple, althou^, in the above description, a 
magnetic disc device was taken as an example in the 
description of a data syndhronization signal detection 
technique according to the present invention, this could 
alternatively be aiployed also in signal processing 
circuits for information processing. Integrated circuits, 
magneto-optic disc devices, optical disk devices and 
floppy disk devices. 

The present invention can be used in corbinaticxi 
with a format for writing a data synchronization signal 
on a recording mediim according to the conventicnal 
method. Also, infcxmation recorded in the format producjed 
by the conventional method can be reproduced by the 
method of the present invention. 

Althou^ in the descripticai relating to the present 
invention up to this point, the case was described in 
\*d.cih data synchronization detection was arranged to be 
performed using the data information of a single sector, 
if data synchrcmization detection is possible using data 
collected at an intermediate point of a sector, 
identificatiOTi could be performed at that time-point. 
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Althou^ the descxiption relating to the present 
invention \jp to this point was given for the case of 8/9 
cxx3e modulation, other cxDde conversions are also possible 
and it could also be aEPlie*^ to coding rates of 16/17, 
32/34, or 64/65 etc. 

l^jart frcm the practical examples described above, 
the present invention could also be ^plied to a so- 
called split sector format, in viiich the data sector is 
split by a servo region. 

Data position detection could also be perf armed by 
accessing data in manory after data phase detectico has 
been achieved. 

The data synchronization detection method of the 
present invaition could also be inplemented by sof tsrare 
pnxjessing. 

According to the pr&ent invention the benefit is 
obtained that, v*ien perforimng data synchranizatim 
detection, detection errors can be reduced. 

ALSO according to the present invention the benefit 
is obtained that the data synchronization detecticai 
perf onnance can be improved corresponding to or exEseeding 
inprovanent in reproduction performance of the data 
section. 

Also according to the present invention the benefit 
is oibtained that tiie format efficiency of the inf ormatiai 
recording medium can be inproved. 
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Also aocxjrding to the present invention the benefit 
is obtained that a data syncihronization detection device 
with little detection error and an information 
reconiing/reproduction devicje cxxcprlsing this can be 
provided. 
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